Thank you for submitting your manuscript to The EMBO Journal. I am sorry for the delay in getting back to you with a decision, but I have now received the comments from two referees. I am afraid that the comments are not very encouraging.
cells. B cell development from the edited GT121 allele was impaired and contribution to mature B cells minimal, hence demonstration of efficient functionality of the engineered allele was not achieved. The most relevant part of the study is the description of a refined protocol for the rapid generation of animals with an engineered Ig heavy chain locus. While inactivation of genes through "indel" generation due to NHEJ is by now well established and achieved with high efficacy, knock-in of larger sequences or of reporter genes has proven far more complex. Here Lin et al. demonstrate that using two carefully preselected guide RNAs that flank the sequence to be engineered, the efficacy of HDR can be significantly improved by increasing the length of the homology arms provided. Importantly, the sequence to be edited was not located in an open locus like e.g. the R26 locus and the strategy chosen did neither include a selection advantage for the modified sequence, nor was the modification associated with expression of an easily detectable marker. Such strategies were frequently employed in the past, but tend to overestimate the general recombination frequency compared to other loci. While the use of two guide RNAs yielded a modification of the enclosed DNA sequence in about 1 in three cases, the success rate for HDR was only modest. Roughly doubling the length of the homology arms provided a significantly improved HDR while the overall frequency of genome editing remained largely the same.
-specific major concerns essential to be addressed to support the conclusions The main finding of the study is a technically refined CRISPR/Cas9-based knock-in strategy. Similar approaches were already suggested for and applied in other instances and species (zebrafish). Although it has to be stated that this technology is far from being standard at this time.
To fully appreciate the efficacy of the technology in terms of costs, time required and animals used, full disclosure of the numbers of injected embryos would be helpful. The text states that the first line of table 2C corresponds to 400 injected zygotes, assuming similar survival rates the overall generation of ~175 pups would then require the injection of 4,000 -5,000 zygotes, which is a fair number. As the authors point our correctly, this approach in addition requires elaborate genotyping of the offspring, which due to possible mosaicism has to be done in addition to the founder also for at least the first generation. Here a relevant question is, if the approach can be transferred to ES cells where the seeming disadvantage in terms of speed could potentially be compensated by fast and efficient genotyping upfront in tissue culture and the certainty of the genotype of the generated animals. An unexpected finding is that in a competitive environment B cells expressing the genome edited human VHJ Ig allele suffer a disadvantage at the preBCR selection checkpoint and appear to be selected against or receptor edited. Failure to pass the check point is very obvious in hemizygous mice that display a extremely low B cell count in peripheral blood. This is completely unexpected, in particular, in light of the fact that the same allele has not caused problems in B cell development in a different study. While it is probably out of the realms of this study to mechanistically explain this finding, it casts some shadow on this approach. The study would be stronger, in particular the claim of the ease with which genome editing can be done rapidly if the technology was applied providing a functional allele, e.g. by knock in of another Ig allele or unrelated sequence.
-minor concerns that should be addressed Because the immunological message is limited, the study in this form should be suitable as a technical report and should therefore be accessible to non expert immunologist readers. Specific immunological terminology should avoided where possible and all elements in figures should be explained in the legend. -any additional non-essential suggestions for improving the study (which will be at the author's/editor's discretion) None! Referee #2:
The aim of the manuscript of Lin et al. was to generate human immunoglobulin heavy-chain knockin mice at a high frequency. The manuscript is a technical report describing an improved method how to efficiently generate knock-in mice by CRISPR/Cas9 mutagenesis in injected zygotes. The main message of the manuscript is that the 'new' CRISPR/Cas9 method facilitates the generation of knock-in mice at an efficiency of 20-50%. The second part of the manuscript deals with the characterization of the human PGT121 Igh kock-in mouse that was generated. This phenotypic analysis revealed that the human PGT121 Igh knock-in allele is counter-selected already at the pre-BCR checkpoint, possibly due to the lack of pairing of the PGT121 heavy-chain with the mouse surrogate light chains. Hence, this analysis did not yield any interesting biological data. Moreover, the 'new' CRISPR/Cas9 method is quite conventional as it is based on the injection of a doublestrand plasmid as a repair template together two sgRNAs and Cas9 protein. While this experimental set-up usually yields transgenic mice at a low frequency, Lin et al. report a very high efficiency of 20-50%. The authors attribute this high frequency of homologous recombination to the use of 5-kb long homology arms. However, it is not clear why the extension of the homology arms from 3.9/2.6 kb to 5 kb length has such a dramatic effect. Maybe, the extended arms contain special sequence features that promote this high frequency of homologous recombination. Moreover, the method section is not informative, as the exact concentrations of the different reagents and the injection mode (nuclear versus cytoplasmic) has not been described. The general claim that 5-kb long homology arms facilitate a high recombination frequency has not been validated, as the 'new' method has only been applied to one gene. For such a general claim, multiple genes would have to be targeted to demonstrate that long homology arms consistently promote a high recombination frequency at several loci. Moreover, a recent paper describing the elegant Easi-CRISPR method, which is based on the use of long single-strand DNA as a repair template, has not been cited, although this method leads to knock-in mice at a frequency of 8.5-100% at multiple gene loci (Quadros et al., Genome Biology 18:92). For all the reasons mentioned above, I cannot recommend publication of this manuscript as a resource article in the EMBO Journal. Thank you for your email regarding the decision taken on your manuscript.
I have discussed the manuscript and referee comments further with an external advice and I have now received the input back. The advisor does find the described method valuable and supports publication here. S/he also finds the comments raised by referee #1 very constructive. Given this input, we would like to consider a revised manuscript that addresses the concerns raised by referee #1. I agree with referee #1 that the inclusion of a 2nd KI line would be good and strengthen the paper.
It would also be good to publish a detailed protocol for the method used and that this would be helpful for the field.
Let me know if we need to discuss anything further Response: We thank R1 for raising this point. We apologize for the misunderstanding regarding the number of embryos injected. We would like to clarify that we did not inject 4,000-5,000 zygotes in our experiments. As shown in Table 2C and described on page 8, for our initial CRISPR experiment, we injected 400 zygotes and after that we injected approximately 200 zygotes. The enhanced survival rates after the first two injections could be attributed to an overall improvement of our reagents and techniques. Out of 200 embryos implanted, about 50 pups were born, which is in line with ES transfections in embryos.
R1 states: "As the authors point our correctly, this approach in addition requires elaborate genotyping of the offspring, which due to possible mosaicism has to be done in addition to the founder also for at least the first generation."
Response: We apologize to R1 for any confusion created. We would like to point out we followed several different founder lines and observed mosaicism in a minority of lines created (Supplementary Figure EV4) . This was revealed by non-Mendelian segregation of the KI gene during animal crossing and not by screening. We follow standard screening procedures which are in line with our routine genotyping assays for each of our KI mice strains, as described in our Methods section on page 19 of the manuscript. The genotyping assays are straightforward, quick and accurate, and allow us to confirm the KI mice genotypes without doing PCR reactions or running agarose gels in-house. We have clarified this point in the text. Please see pages 7 and 19.
R1 states: " Here a relevant question is, if the approach can be transferred to ES cells where the seeming disadvantage in terms of speed could potentially be compensated by fast and efficient genotyping upfront in tissue culture and the certainty of the genotype of the generated animals."
Response: We thank R1 for pointing this out and we have addressed this as a potential extension of our approach in the present manuscript. However, we have not performed the suggested CRISPR approach into ES cells, therefore we cannot speculate about the efficacy of our method in that system. However, we believe that transferring the CRISPR KI approach into ES cells, will slow down the process of obtaining KI mice. Our goal is to rapidly generate human heavy chain KI mice by CRISPR injection directly into zygotes, overcoming the limitation of the ES cells approach, as explained in pages 14 and 15 of the manuscript. 
R1 states: An unexpected finding is that in a competitive

Response:
We thank the R1 for pointing this out. We would like to clarify that the PGT121 germline-reverted heavy chain sequence used in our study is not the same as the as one previously described for PGT121 knock-in mouse immunization (Escolano et al, 2016). Our sequence more likely represents germline-reverted sequences validated by our database and contains changes in the amino acid sequences in the CDR3, which are probably the cause of the differences observed. The origin of our sequence is described on page 6 and in Supplementary Figure EV1 . The other difference between our PGT121 IgH KI mouse versus that described in the paper by Escolano et al., is that their KI mouse contains both the PGT121 heavy chain as well as its cognate germline light chain. It is possible that the ability of B cells expressing PGT121 to pass developmental checkpoints in the bone marrow is dependent on the correct pairing of these PGT121 H+L chains.
5.
R1 Response: We are in agreement with the R1's suggestion to strengthen the study by including a mouse line bearing a knock in of another Ig allele. We have modified the manuscript to include a second IgH KI mouse line expressing BG18-gH, a very potent, recently reported bnAb. This newly created mouse line exhibits normal B cell development and B cells in the periphery, which further validates our approach. We hope that the inclusion of the BG18 KI mouse data will be satisfactory to R1 in supporting our claim that our CRISPR method can be used to rapidly generate KI mice containing functional B cells expressing antibodies of interest for subsequent immunogen validation (Figures 7 and 8 ; manuscript pages 12-13). Response: We thank the R1 for highlighting these points to make the manuscript readily accessible to non-expert immunologist readers. As suggested, we have explained the terminology in the figure legends, and changed the Figures 2 and 3. We have re-analyzed the early B cell populations in Figure 3B and generated a modified figure.
-Minor concerns that should be addressed
Referee #2 (R2):
R2 states: The aim of the manuscript of Lin et al. was to generate human immunoglobulin heavy-chain knock-in mice at a high frequency. The manuscript is a technical report describing an improved method how to efficiently generate knock-in mice by CRISPR/Cas9 mutagenesis in injected zygotes. The main message of the manuscript is that the 'new' CRISPR/Cas9 method facilitates the generation of knock-in mice at an efficiency of 20-50%. The second part of the manuscript deals with the characterization of the human PGT121 Igh kock-in mouse that was generated. This phenotypic analysis revealed that the human PGT121 Igh knock-in allele is counterselected already at the pre-BCR checkpoint, possibly due to the lack of pairing of the PGT121 heavy chain with the mouse surrogate light chains. Hence, this analysis did not yield any interesting biological data.
Response: We thank R2 for the detailed remarks on our manuscript. Our area of interest was to investigate the B cell-specific expression of broadly neutralizing antibody (bnAb) germline precursors. To this end, we only focused on CRISPR/Cas9-mediated IgH knock-in in the murine IgH locus. When the rearranged antibody sequence is integrated at the native IgH locus, the knock-in BCR is not limited in class switch and somatic hypermutation, therefore it can be used as a tool to study the antibody response to a given vaccine in a physiological setting. Until now, most BCR or HIV bnAb knock-in mice targeted at IgH locus were generated by ES cells technology. This approach has the disadvantage of requiring a long time before the murine model can be used in immunological studies. Here we describe the proof of concept of a novel CRISPR injection method to rapidly generated human heavy chain KI mice for vaccine development. Although B cells of PGT121 KI mice couldn't pass the bone marrow checkpoint in B cell development, possibly due to autoreactivity, we have now modified the manuscript to include immunocharacterization data from a second IgH KI mouse line expressing BG18-gH. Please see Figures 7 and 8 ; manuscript pages 12-13.
R2 states: Moreover, the 'new' CRISPR/Cas9 method is quite conventional as it is based on the injection of a double-strand plasmid as a repair template together two sgRNAs and Cas9 protein.
Response: We respectfully disagree with R2 on this point. We believe that our work provides insights into CRISPR-Cas9-mediated targeting of IgH VDJ segments to the murine Ig locus to generate IgH KI mice in a fast and reliable manner. These animal models are going to be extremely important in helping immunogenicity evaluation in mice, which are key in preclinical trials evaluation. We have is a great deal of enthusiasm about our methodology and Ig KI models. We believe that our methodology will have direct implications in human health.
R2 states: While this experimental set-up usually yields transgenic mice at a low frequency, Lin et al. report a very high efficiency of 20-50%. The authors attribute this high frequency of homologous recombination to the use of 5-kb long homology arms. However, it is not clear why the extension of the homology arms from 3.9/2.6 kb to 5 kb length has such a dramatic effect. Maybe, the extended arms contain special sequence features that promote this high frequency of homologous recombination. The general claim that 5-kb long homology arms facilitate a high recombination frequency has not been validated, as the 'new' method has only been applied to one gene. For such a general claim, multiple genes would have to be targeted to demonstrate that long homology arms consistently promote a high recombination frequency at several loci.
Response: We thank the R2 for highlighting a concern regarding the length of the homology arms. While we are unsure about the reason why the extension in arm length leads to such as dramatic improvement in knock-in efficiency, we have performed further two injections with short arm DNA donor which had a similar knock-in rate [1 of 15 pups, (6.7%)], Figure 2C . According to our injection results, we found that the length of arms indeed affected the success of recombination frequency from 6.7% to 20~50% at the murine IgH locus.
R2 states: Moreover, the method section is not informative, as the exact concentrations of the different reagents and the injection mode (nuclear versus cytoplasmic) has not been described.
Response: We followed the protocol described in Generating genetically modified mice using CRISPR/Cas9-mediated genome engineering, Nature Protocols 2014 Aug;9(8):1956-68. We have described our procedure in detail in the Materials and Methods section of the manuscript.
R2 states: Moreover, a recent paper describing the elegant Easi-CRISPR method, which is based on the use of long single-strand DNA as a repair template, has not been cited, although this method leads to knock-in mice at a frequency of 8.5-100% at multiple gene loci (Quadros et al., Genome Biology 18:92).
Response: We thank R2 for bringing this publication to our attention. We have now referred to this paper in our Discussion section. Thank you for submitting your revised manuscript to The EMBO Journal. Your revision has know been seen by the original referee#1 and the comments are provided below.
As you can see, the referee appreciates the introduced changes and supports publication here. There are just a few minor text changes needed. I am therefore very pleased to let you know that we will accept the manuscript for publication here. Before sending you the formal acceptance letter there are just a few things to sort out -I have provided a revision link below for you to upload the files. Once I get the revised version in I will send you the formal acceptance letter. We thank R1 for the encouragement and positive comments on our manuscript. Our point-by-point response is below:
R1 Specific Comments:
4. R1 states: "Please introduce the abbreviation broadly neutralizing Antibody (bnAb) also upon its first use in the text body."
Response:
We have introduced the abbreviation broadly neutralizing antibody (bnAb) on page 4.
R1 states:
"Page 12 5th line form the bottom, I think the reference to Fig. 4G is misplaced here, BG18 data are exclusively shown in Fig. 7 ."
Response: We thank R1 for pointing this out. The misplaced figure number has been deleted. Thank you for submitting your revised manuscript to The EMBO Journal. We now have everything in and I am very pleased to accept the manuscript for publication in the EMBO Journal.
The only thing missing is that we need one Appendix file with a Table of Content that has the appendix tables. You can send us this via email and we will upload it for you.
1.a. How was the sample size chosen to ensure adequate power to detect a pre--specified effect size?
1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.
2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre--established?
3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. randomization procedure)? If yes, please describe.
For animal studies, include a statement about randomization even if no randomization was used.
4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results (e.g. blinding of the investigator)? If yes please describe. Normal distribution of samples was assumed on the basis of published studies with analysis similar to ours.
YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND #
Sample sizes were chosen on the basis of published work in which similar phenotypical characterization and similar defects were reported. For the immunocharacterization experiments, we used at least 3 mice to detect an effect size of 5% with power of 90% in specific cells population. Statistical analyses were performed using Prism (GraphPad Software). (Page 21) Sample sizes were chosen on the basis of published work in which similar phenotypical characterization and similar defects were reported.
No animals were excluded from analysis. Criteria for analyses were pre--established for all types of experiments.
Mice were randomly chosen to perform assays.
'Blinding' of investigators to sample identity was not done in this study.
Data
the data were obtained and processed according to the field's best practice and are presented to reflect the results of the experiments in an accurate and unbiased manner. figure panels include only data points, measurements or observations that can be compared to each other in a scientifically meaningful way. graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical replicates. if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be justified the exact sample size (n) for each experimental group/condition, given as a number, not a range;
Each figure caption should contain the following information, for each panel where they are relevant:
Captions
The data shown in figures should satisfy the following conditions:
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship guidelines on Data Presentation.
Please fill out these boxes # (Do not worry if you cannot see all your text once you press return) a specification of the experimental system investigated (eg cell line, species name).
B--Statistics and general methods
the assay(s) and method(s) used to carry out the reported observations and measurements an explicit mention of the biological and chemical entity(ies) that are being measured. an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
a statement of how many times the experiment shown was independently replicated in the laboratory.
Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.
In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. Every question should be answered. If the question is not relevant to your research, please write NA (non applicable). We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human subjects. 
